Using the reaction of hydrogen with oxygen to water in order to produce electricity and heat, promises a high electrical efficiency even in small devices which can be installed close to the consumer. This approach seems to be an impressive idea to contribute to a viable future energy supply under the restrictions of climate change policy. Major reasons currently hampering the diffusion of such technologies for house energy supply in Germany are analysed in this paper. The barriers revealed, include high production costs as well as economic and legal obstacles for installing the devices so that they can be operated in competition to central power plants, beside others in tenancies.
Introduction
The technical principle of the fuel cell was discovered in the early 19th century and has been applied since about 1960 in US aerospace projects. Using electricity and heat directly produced during the reaction of hydrogen and oxygen to water, suggests a simple, efficient and environmentally friendly methodology for cogeneration.
However, although technologies for the application of fuel cells for mobile and stationary energy supply have been developed for several years yet, the devices are still in the pilot phase. This includes the application of small stationary fuel cells (SSFC) for house energy supply via combined heat and power production which is particularly interesting because of the large heat market in that area, the technical possibility to build small fuel cell devices with high electrical efficiency, and the required replacement of aged power plants within the next years representing about one third of the installed electric power in Germany.
In the following, the reasons for the lack of dynamics in the diffusion of SSFC plants are analysed interdisciplinarily, mainly in the case of Germany, by taking relevant environmental, economical and legal aspects into account.
An interdisciplinary methodology of technology assessment
The question why fuel cell technology is entering contemporary systems of stationary electricity and heat production so slowly -despite of its potential for energy efficiency -clearly is an interdisciplinary one. As explained in this paper, related obstacles turn out to be technological, economic and legal problems. These barriers have to be overcome in order to improve the environmental quality of future energy supply by introducing fuel cell-based systems, among other environmentally-friendly options. Finally, appropriate and reliable solutions are to be worked out with respect to the relevant levels of political decision making and acting, thus enabling their implementation.
Following this outline the core disciplines are: engineering, economics and jurisprudence. They should be complemented by sound competences covering necessary sustainability issues and related policy aspects as well as profound experience in technology assessment (TA). The latter is indispensable because interdisciplinary work requires specific methods and structures which will improve appropriate integration of the above-mentioned disciplines (Decker and Grunwald, 2001 ). The successful integration promises additional cognitive and practical benefits for the 6 excellence and meaningfulness of the interdisciplinary effort instead of merely adding disciplinary views as a whole with low coherence and possibly inconsistent results.
Other central prerequisites of interdisciplinary work are excellence and neutrality: The regular study work should be based on efforts by relevant experts that are preferably renowned scientists from universities and independent research institutions. Nevertheless, this experts approach may be blamed for being blind for public demands, especially by advocates of participatory TA (Aune et al., 2002; Simonis et al., 2000) . However, many participatory TA projects often suffered from specific structural and methodological deficits, thus leading to poor results with short-lived validity (Hanekamp, 2001; Gethmann, 2002) . Instead, the relatively long amortization periods of energy infrastructures and possible locked-in dilemmas of the future require sufficient orientation on mid-term to long-term scales as well as forward-looking decisions on related energy questions. Therefore, the authors pled for an experts approach, in this field, promising high levels of trans-subjectivity of overall study results, thus fostering their justification -especially in the long term (Gethmann, 1999) .
Moreover, interdisciplinary work in the demanding contexts of technology assessment aims at evaluating the chances and risks of research and development for the society. The consulted experts should therefore be also able to take up perspectives beyond the scientific horizon in favour of the applicability or connectivity of results with respect to corresponding decisions of the actors. This trans-disciplinary perspective can be reached at best by experienced experts having a sufficient overview. Finally, the constitution of a corresponding experts group necessarily demands for ability and willingness to cooperate from each group member. The chosen experts are expected to both find interest beyond their disciplinary scope and to tolerate discussions of their own propositions and methods. Finding and obligating the "right" experts is thus a sensible part in preparing an interdisciplinary project which might determine about its later success.
The constitution of related interdisciplinary working groups provides the appropriate means to enable the above-mentioned integration of the relevant disciplines. Its effectiveness depends highly upon the achievement of tight meeting cycles which allow for iterative development and refinement of propositions by the project group. So it can be reasonably expected that the developed propositions turn out to become increasingly adequate and meaningful to scientific policy advice. Supporting procedures like regular external reviews by independent external 7 experts or boards as well as discussions of interim results by means of dedicated workshops and scientific conferences lead to further quality enhancement of the final study results with respect to their validity to the society.
Finally, urgent questions on favourable technologic developments require early scientific assessments of today's chances and disadvantages of emerging technologies. Thus, organizing the efforts of technology assessment in terms of temporary projects makes sure that the results will be available for policy advice in a reasonable period of time. They may contribute to rational choices on options like the application of fuel cells and virtual power plants as contribution to a future European power supply.
The technical efficiency and environmental potential of the SSFC
Fuel cells provide a very efficient conversion of primary energy to electricity by using the electricity flow in the reaction of hydrogen with oxygen to water, the so-called reverse electrolysis of water. During the process, for efficiency purposes the heat produced should ideally be consumed close to the devices, e.g. for the house energy supply.
While in future new central fossil power plants may show efficiencies of about 46 to 48 percent (coal and lignite) and even up to 58 percent (natural gas), the typical electrical efficiency of small fuel cell systems is currently at about 30 percent, aiming at about 35 percent. However, using additionally the thermal energy in the flue gases, for fuel cell types working at high temperatures, electric efficiencies of up to about 60 percent could be reached, even for small devices designed for households -SSFC (s. e.g. Ceramic Fuel Cells, 2009). Furthermore, future central power plants using fossil fuels will prospectively require a capture and storage option for CO 2 which will reduce the electrical efficiency by about 10 percentage points. Anyhow, the main advantage of producing electricity in the object is that the devices can easily be integrated into the house energy system to heat rooms and water. In this way a total energy efficiency (electricity and heat) of up to 90 percent can be achieved. Compared to other so-called micro-CHP, like motor-powered micro-CHP and stirling engines, especially the electric efficiency reached is much higher (Droste-Franke et al., 2009) . This is an important advantage of fuel cells, as the typical heat demand of buildings will decrease in future and electricity is an energy form of higher quality than heat, because it can easily be transported and transformed into all other forms of energy without any major losses.
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In order to analyse the environmental performance of small fuel cell devices, the whole energy system needs to be taken into account. Thus, the analysis is subdivided into the performance with respect to two aspects: firstly, the provision of energy for specific supply tasks in defined objects and, secondly, the production of one kilowatt hour of electricity in comparison to other technologies. The assessment is based upon results from detailed life cycle analyses carried out by Krewitt et al. (2004) . In the evaluation, impacts were considered which have been identified to be the most important regarding energy conversion technologies: both, effects due to climate change and due to the pollution of the atmosphere. The bottom-up methodology of impact pathway assessment, starting from emissions, estimating concentration increases, applying concentration-response functions for effects and using specific monetary values is followed which has been developed within the EU funded ExternE project series (European Commission, 2004) .
As a consequence of restrictions in the data for human health effects it had to be assumed that the major effects are caused by fine particles, which was supported by earlier estimations (e.g. Krewitt and Schlomann (2006) , Downing et al. (2005) , and Watkiss et al. (2005) . To estimate ecosystem damages, a value of 1,800 €/tSO 2 equiv was derived from avoidance costs estimates (Amann et al., 1998 , Droste-Franke et al., 2006 . Damages due to acid rain on materials and agricultural crops are estimated to be only about 390€/tSO 2 for Germany (EcoSenseLE, 2009 ) and were only considered in the upper value of the sensitivity analysis.
One main result of assessing environmental damage costs for specific supply tasks was that fuel cells with current efficiencies but a higher lifetime of 40,000 hours would perform well, even if natural gas was used. In general, three operation modes can be distinguished: following the heat demand of the object, following the electricity demand of the object, and following externally set schedules. From the perspective of the environmental performance, the fuel cell heating plants should be operated following the heat demand of the object, because in that case most electricity 9 is produced and, as a consequence of this, most electricity from the grid is substituted which was produced by means of facilities having worse environmental performance than the SSFC.
FIGURE 1 OVER HERE
The results of the calculations per kilowatt hour electricity produced for the best estimates are shown in figure 1. SSFC perform similarly to motor-powered micro-CHP and stirling engines, better than fossil fired central power plants, but worse than technologies using renewable energy sources. This ranking does not substantially change with the sensitivity analysis of the evaluation of impacts due to climate change. Estimates for carbon capture and storage (CCS) technologies adjusted to the valuation applied here with about 1.7 to 2.5 cent/kWh el are in the same range as for micro-CHP devices. However, air pollution damages for these technologies assessed to about 0.8 to 1.4 cent/kWh el are much higher and even dominating the results which were estimated to be 0.10 to 0.15 for SSFC (s. figure 2) (Friedrich, 2008) .
FIGURE 2 OVER HERE
The competitiveness concerning greenhouse gas emissions in the context of agreed targets for CO 2 reduction is essential for the future viability of SSFC. In comparison to heating systems this may already be lost in 2015 due to efficient heat pumps and increasing renewable energy in the electricity mix. Regarding the production of electricity, as long as the heat of at least one central power plant is not further used, small fuel cell systems are competitive with respect to greenhouse gas emissions. Is the heat of all fossil plants used, the efficiency of the SSFC needs to be higher than that of the other power plants (Jungbluth, 2007) . If CCS is applied in all plants, the fuel applied for SSFC has to be switched from natural gas to renewably generated combustibles to remain competitive to the central power production. However, it has to be decided whether advantages of CCS technologies concerning greenhouse gas emissions outweigh the disadvantages in the protection of ecosystems caused by air pollution and other environmental effects.
Due to the analysis of environmental effects, SSFC can be implemented competitively if they are generally operated according to the heat demand of the supply object and are able to replace at least a share of central fossil power capacity.
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4 Obstacles for the fuel cell
Network aspects and resource problems

Network aspects
Due to physical requirements concerning the stability and curve of voltage in order to keep minimum quality criteria so that the electrical current can still be used for devices e.g. in households, in-and output of electricity into the grid have to be equal at any time. In order to ensure this equality, the input of electricity is mainly managed on so-called balancing energy markets.
The following aspects should be provided by balancing the flows of current (Handschin et al., 2003 , Franz et al., 2006 : overall safety, keeping the voltage level, and keeping the ideal course of voltage. These should be guaranteed even if the input from peripheral plants is increasing.
In order to assure human, grid and technology safety, recent protection concepts need to be updated because changes in load and direction may disturb the technical activation processes for the respective protection measures. Furthermore, isolated networks may occur and may even be intended, but are currently not considered in the safety concepts.
Concerning the voltage level legally defined ranges need to be kept. For this purpose, typically at the transformer from the medium to the low voltage level, the voltage is set to a value slightly higher than the value which is targeted at the consumer. In case peripheral plants feed electricity into the grid, the voltage level will increase at the consumer and thus, the maximum value could be exceeded at the transformers. This problem can already occur with a small number of facilities, specifically in regions with low current capacity. The situation can be improved by providing idle power in the plants themselves as well as by regulating voltage automatically at the transformers or at the inverters of the individual devices oriented at the actual load and feedin situation.
Deformations in the voltage course can be avoided by using intelligent inverters. Furthermore, the provision of short-circuit power can help to stabilise the grid. Most of the measures for grid stabilization can be provided by technical upgrades in the grid infrastructure and at the facilities.
However, a provision of idle power in a correct way and well-directed in the short term requires a specific operation concept for the individual plants. If this is provided, the maximum electric capacity which can be installed at a certain location of the grid can be increased and, thus, the 11 grid can be stabilized. Therefore, decentralized power plants like SSFC will rather support than hamper a secure grid operation, if they are installed accordingly.
The balancing energy markets in Germany are installed and organized on the level of transmission networks and subdivided into three sub-markets, primary, secondary and tertiary or minutes reserve. The most promising market for SSFC is the one for minutes reserve, because power needs to be initialized only within 15 minutes which has been proved to work with SSFC (European Commission, 2005) , and the announcement is only one day in advance (ÜNB, 2007) .
In order to supply energy on the balancing energy market, a prequalification procedure has to be passed. One major barrier in this area is the minimum power of +/-15 MW which has to be guaranteed for a duration of some hours (VDN, 2007) . The requirements can be met by combining thousands of small SSFC together with larger CHP in a so-called virtual power plant.
However, in contrast to central power plants, these devices feed electricity into the distribution grid and, therefore, technically it could make sense that a share of the balancing energy is traded at the same place without the long way round over the transmission grid. Thus, electricity fed into the distribution grid by small fluctuating renewable energy sources could already be balanced close to the sources. Furthermore, other grid services for the distribution grid should adequately be compensated for. Legal regulation exists and seems to be sufficient, however, markets have not yet been developed so far. How this development could be stimulated adequately without installing organizationally inefficient structures requires further analysis.
Resource Problems
With respect to applied energy resources, SSFC are very flexible in general. Several fuels can be reformed to hydrogen automatically at high temperatures in the fuel cell or by means of additional devices, depending on the type of fuel cell device applied. Beside natural gas also biogas and hydrogen as well as liquid fuels like methanol can be used, requiring the respective specific equipment, of course.
In contrast to the flexibility in fuels, certain materials are currently required for the production of SSFC. If these are not managed sustainably, production could become more expensive or economically unfeasible in future. Rare materials used in SSFC are listed in table 1 with decreasing material intensity, i.e. material applied per kW el , per reserve availability and per lifetime of the plant. The most intensively used material is yttrium oxide. The second highest material intensity (zirconium oxide) is at a factor of ten lower than this. Rough estimations on the basis of international statistics and projections (IEA, 2007 , VDEW, 2007 show that with a provision of 1 percent of the world-wide electricity consumption in households by SOFC heating plants, the share of yttrium oxide resources used for these SSFC would exceed 10 percent in about fifty years.
TABLE 1 OVER HERE
The situation is more severe concerning the reserves-to-production ratios of the applied material.
Particularly, yttrium and manganese show high decreases between 1996 and 2008 for the reserves-to-production ratios (s. figure 3) which Steger et al. (2005) defined as indicator for nonsustainable resource use. Most of the other materials also either show high decreases or low levels of reserve-to-production ratios. The reserve-to-production ratios of chromium, zirconium oxide, copper, manganese, nickel, and yttrium are below or at about 60 years. This value is seen as particularly critical, because approximately that duration will be required to restructure an energy system which was called by Steger et al. (2005) "time of safe practice". . An increase in prices of more than 100 percent was observed for bauxite, chromium, iron, manganese, platinum, and zirconium oxide. To a large extent these have been generated by strong demand in the so-called BRIC-countries: Brazil, Russia, India, and China.
High regional concentration in reserves as well as in delivery and production contributes to uncertainties concerning the economic availability of rare materials. Following the literature, past problems were discussed particularly in the context with Russia, China, Ukraine, Pakistan, and India (Behrendt et al., 2007) . Large regional concentrations of reserves in only two countries of 86 to 98 percent can be found for chromium, lithium (China: 13 percent), and platinum group metals (Russia: 9 percent). With respect to the delivery and production chain a concentration of 72 to 99 percent is observed for platinum group metals (platinum: Russia: 13 percent; palladium:
Russia: 44 percent), zirconium oxide, and yttrium (China: 99 percent). For palladium additionally about 50 percent of production and delivery is performed by only one Russian firm (Norilsk Nickel).
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By applying the indicators concerning the change in the reserve-to-production ratio and the critical limit of "time of safe practice" designed for the evaluation concerning sustainable resource use, none of the material is currently managed sustainably. Yttrium and manganese are particularly critical with this respect. Concerning potential problems through high prices or high price changes and high concentration of reserves or delivery and production, primarily, again yttrium but also platinum group metals have to be mentioned. Before planning with the technology of SSFC in the long run, high recycling rates or the development of unproblematic substitutes for these materials, particularly for yttrium should be aimed at.
Market imperfections, joint products, multiple markets, complementary systems, multiple networks, and environmental externalities
If an innovation is technically and perhaps economically efficient and possibly environmentally preferable it should enter and penetrate the market. If it does not, an explanation for this requires some resort to the analysis of market imperfections -market power, ill-defined property rights and uncertainty-insurance problems from incomplete markets -which may delay diffusion (Arrow, 1962) in our case in regard to the stationary fuel cell. Alternatively, one may want to cast into doubt the efficiency of the technology for reasons to be specified. We will discuss both classes of reasons in this sub-section 2 .
Market power
Energy systems are currently highly centralized in the sense that a few power stations provide electricity for many firms and households. In some countries (like Germany and the UK; see Brown et al., 2007 ) the state of (de-)regulation is such that there are regional monopolies of electricity supply with or without competitive fringe. Besides the legal situation large scale technologies may support monopolistic situations, because only a low number of firms can get into the market (Horstmann and Markusen, 1992) . In contrast, stationary fuel cells could produce electricity in private buildings, each on a small scale, and deliver electricity supply in a highly decentralized way (see above and also Hendry et al., 2007) . If access to the electricity network is free this supply could undermine the monopoly of current suppliers. Of course, current monopolists may not be interested in this competition and therefore may not be interested in support for the diffusion of the fuel cell -unless other reasons exist and prevail -and may try to raise costs of producing or using fuel-cells. 3 Their impact on political developments may therefore be a barrier to the diffusion of the stationary fuel cell.
The amount and timing of electricity supply of many fuel cells can be coordinated through virtual power stations (see section 3). In case monopolists can get a grip on these virtual power stations or a monopoly on crucial parts of their components, a situation of bundling may happen to occur. This monopoly could possibly be used to block entry of virtual power stations jointly with that of fuel cells. Alternatively, it could be used to get a monopoly on the electricity supply from fuel cells. However, these are only theoretical possibilities for which there is little evidence so far. If there are local monopolies for the supply of gas, they also may be interested in the application of fuel cells and getting an impact on their market.
Property rights
In regard to ownership of innovation, property rights are by-and-large well arranged in developed countries. Those in regard to environmental issues are often not well arranged. If a technology can help solving an environmental problem whereas a property rights solution remains imperfect, subsidization may be justified in order to compensate for the contribution to the environment. 4 In regard to CO 2 environmental policy has installed the European Union Emission Trading System (EU ETS), but so far this covers only industry and electricity production and not other sectors like traffic and households. The fuel cell has the advantage of being very efficient in its use of natural gas and therefore may emit less CO 2 than other techniques (see section 3). If used with hydrogen this advantage would be even larger. If used with biogas it can help resolving some waste problems. Moreover, it produces less noise and vibration (Brown et al., 2007) . Thus, subsidies would be justified for environmental reasons. In case of the fuel cell the interviews carried out among industry firms in Germany 5 during our project (Droste-Franke et al., 2009) indicate that a lack of subsidization is not seen as a problem by fuel cell developers and therefore not a barrier for the diffusion of fuel cells.
Denied free access and contracting of CHP technologies could be a serious entry barrier for the fuel cell (see section 4.3 for an extensive discussion).
Uncertainty-insurance problems
Uncertainty about the success of research and development cannot be insured because of the obvious hazard of effort reduction. The remaining risk would then provide an incentive to reduce research and development activity and its financing to sub-optimal levels. Instead, subsidies to research and development activities can provide the required additional incentive that drives the activity to the desired level. As stated above, a lack of subsidization is not perceived to be a problem in Germany because of specific legal regulations (see section 4.3.) and available research subsidies.
Lack of technical and economic efficiency
An obvious direct reason for a lack of diffusion is a too high market price, which may stem from too high costs, including fixed and upfront costs. Interviews with practitioners in our project (Hendry 5 Fuel cell research in the Netherlands has moved to mobile fuel cells using hydrogen in the last decennium (Suurs et al., 2009 ).
6 For products that are not yet on the market estimation is not possible and therefore parameters of other products must be used (see Taanman et al. 2008) . For recent development regarding learning curves see Cantono and Silverberg (2008). et al., 2007) .
Besides the technical mixture of components their prices matter, too. Our analysis of resources used in components of the fuel cell discussed in section 3 shows that some of these resources are likely to become fairly expensive in the future, because they are also demanded strongly by other production processes. On the other hand, not only direct costs and component prices matter but also price developments related to competing technologies do. Oil price increases will be more damaging to other technologies and therefore support the diffusion of the fuel cell. In case of carbon pricing (the EU ETS or carbon taxes in Norway, Switzerland and soon probably also in France), if small stationary fuel cells or natural gas as fuel are included, increasing prices for tradable CO 2 permits will be a disadvantage for them in comparison with wind and solar energy unless it is driven by hydrogen generated from renewable energy sources, but an advantage in regard to oil and coal driven technologies unless the latter use carbon-capture-and-storage technologies. Therefore it is unclear whether pricing of carbon contributes to the limited success of the fuel cell. Here is an obvious overlap between property rights issues (see section 4.3) and resource prices (see section 3) with the economic aspects of this section.
A third reason for a too high price of the fuel cells is the compatibility in regard to several aspects of complementarities. The reason is that due to the cogeneration of heat and electricity the fuel cell provides joint production, it serves two markets and the corresponding technical systems, it is linked to two networks because it needs network connections for gas inputs and electricity outputs, and it has several environmental externalities (CO 2 , NO X , SO 2 ). Moreover, high costs for one of the joint products imply high costs for the other. Price policies of firms have to take the effects on both products into account. The prospects of the fuel cell depend on all circumstances in regard to its own markets, networks and environmental externalities, but also those of all competing technologies as well as all related environmental, energy and technology policies which have an impact on its price relative to that of other technologies. For example biomass-driven technologies have benefited strongly from the absence of environmental policies in Indonesia which allow for cheap production of palm oil 8 . All of this is important for innovations because in order to get selected they must fulfill these compatibility requirements.
On the other hand, innovations in one aspect make innovations in complementary aspects more profitable.
One further complementarity is that among fuel cells themselves. Coordination of the energy supply from many fuel cells through virtual power stations may reduce the costs and fluctuations of energy and heat production.
A shortcoming of the fuel cell currently is that in the chain from production to the use of hydrogen there are large energy losses of about 79% indicating that the price of electricity inputs in the production of hydrogen has to be about one fifth of that from the electricity produced through the burning of hydrogen in the fuel cell. This lack of being economically efficient in regard to the environmentally preferable hydrogen use is a serious drawback for the attractiveness of the fuel cell. One idea to get such cheap electricity as input of hydrogen production is to use wind energy at times with little electricity demand and correspondingly low spot-market prices employing wind-hydrogen-system techniques, stationary or mobile ones (e.g. on a ship).
For the time being technical efficiency problems, the expected development of resource prices, and some features of the law discussed in the next section seem to be more important than market imperfections. Once they are solved it remains to be seen whether entry problems with or without relation to monopolistic market structures play an important role.
Legal barriers
The legal framework conditions in Germany with regard to the diffusion of small stationary fuel cells is influenced by numerous legal aspects and regulations passed by various governmental bodies such as international law (in particular the UN's Kyoto protocol), European 9 and German environmental and energy laws, state law and even municipal building law. These will be analysed with respect to potential barriers in the following.
Governmental Funding Systems
In principle, a lack of subsidization does not seem to be an obstacle for the diffusion of fuel cells, because of the various subsidizations, which were advanced through the enactment of the Meseberger-climate decisions recently this year. The facility operator is entitled to feed electricity into the nearest low-voltage grid and the network operator is obliged to pay a minimum payment for this input. The payment for electricity fees can be carried out according to the "Act to protect the Generation of Electricity from Cogeneration Facilities" as amended (KWKG, 2009) or, if regenerative fuels are used, according to the "Renewable Energy Sources
Act" as amended (EEG, 2009 ). The KWK-bonus which is a part of the feed-in-reward pursuant the KWKG is now independent of feeding the electricity into the national grid so that producers get the bonus also in case of self supply. Still that bonus has an overall cap (ca. € 600 Mio) 10 which has often been criticized.
The expanding of the promotion of CHP plants leads to a set of legal and policy problems with respect to the constitutional financial system (cf. Salje, 2008) , an equitable and consistent legal system, interdependency with other governmental funding systems and the market distortions they could produce, which requires further analysis. Further regulations that are important here are the electricity and energy taxes (eco taxes) and their exemptions, the Act on Granting Priority for Renewable Energy Sources for Heat Supply (EEWärmeG), the Act on Energy-Saving Buildings (EnEG), the Emissions Trading Act as well as investment incentive programmes ( e.g.
KFW-Programm). Furthermore, obstacles include the complexity and hassles of the regulation system (Ekart and Heitmann, 2009 ) and more importantly the absence of harmonizing the exemptions of energy and electricity taxes (Otto and Krzikalla, 2004) such as income taxes and the turnover tax.
Problems in law of tenancy
Germany's tenancy law poses a serious barrier for the distribution of fuel cells and other micro-CHP facilities, especially for the allocation of costs and benefits of such an investment in climate protection as well as the current formulation of typical tenancy agreements and conditions.
Particularly in the rental housing market there are miscellaneous barriers for the installation of stationary fuel cells. These are very important in consideration of the fact that the vast majority of Germans lives in rental housing (Ekardt and Heitmann, 2009). 11 With respect to the heat supply of multi-family homes, it is important to clarify the extent to which investment and operation costs can be allocated between the tenant and the landlord in the pertinent order ("Heizkostenverordnung" ─ ordinance on the allocation on heating costs).
Currently this must be negotiated between the contractual partners. would be to clarify which investment costs can be allocated to calorification and thereby results in base rent increase pursuant to § 559 BGB.
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A further set of questions and barriers in regard to tenancy law is posed by the transfer of the fuel-cell plant operation to a special (non-utility) firm providing this service (contractor) that supplies the heat and electricity to the tenant for a value typically including all operation costs 11 The situation and the legal barriers are very similar in the case of freehold flats.
12 Some producers have designed model contracts for their customers. 13 In the literature both the uncertainty and the time of the amortization (mind. 10 a.) result from the claim pursuant § 559 BGB not to give any incentives to the landlord to invest in energy-saving modernizations.
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and corporate profits. Considering the organizational efforts required to allocate and implement micro-CHP facilities in multi-family homes for the transfer of heat and electrical supply, a contractor would seem to be the most efficient solution, particularly if they are to be integrated into virtual power plants. As seen above, from the environmental perspective, this is the preferred operation mode. The implementation of such services involves a highly procedural effort with many legal uncertainties, not only regarding tenancy law, especially in older multifamily homes (Hack, 2003) . Despite a judgment of the BGH (2007) considered as seminal in the German "Contracting-Industry", several unsolved legal questions remain. The detailed nature of the terms in the tenancy agreement required to authorize the landlord to replace the heat supply without abating the base rent remains to be clarified, particularly with regard to older leases.
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Network aspects
Access to the electricity network free of discrimination is a basic requirement for the diffusion of small stationary fuel cells. CHP-facilities are entitled to a preferential connection to the nearest low voltage grid ( § 4 KWKG) and to feed their generated electricity into this grid at any time. If the grid capacity is deficient, the grid operator must expand the network immediately.
Some literature (Krewitt et al., 2004 , Brandt et al., 2006 expresses doubts about free access in the future for cases of insufficient grid capacity based on the mechanism of capacity distribution by the "priority principle" 15 according to the KWKG and the preference of electricity from renewable sources. In the amended EEG 2009 this system has been replaced by a new "feed-inmanagement" which currently applies only to plants with a rating higher than 100 kW, but indicates the legislative approach to this problem. According to the management system, CHPand regenerative energy facilities are equivalent. The feeding-in limitation is affected due to pending grid overloads and concerns the main polluters only, independent of any principle priority. If this is applied, the grid operator is still obliged to pay the feed-in-reward deduced by the saved expenses of the CHP-operator. This creates some new problems for CHP-facilities such as compensation for atypical damages (e.g. backup heat supply of a tenant, customer claims for heat due to non-performance). Furthermore, this "feed-in-management" is not equivalent to the virtual power plants concepts described above. The function of the feed-in-management system is to ensure the network reliability merely until the network expansion is complete.
The well-established mechanism currently in place may prove to be a barrier for virtual power plants and thereby for FC plants in the future. According to the current status, the KWKG and 
Policy Recommendations and conclusion
The analysis of the lack of dynamics in the diffusion of SSFC devices integrated over relevant scientific disciplines reveals the following aspects which should be considered for their further technological development and market implementation:
• Significant cost reduction must be achieved for SSFC plants. Relevant aspects are the mixture of components, the market conditions for rare material required for production and various complementarities.
• Regulations of the tenancy market should be clarified, legal uncertainties should be removed and the operation of SSFC and other micro-CHP as well as the provision of heat and electricity to tenants should be simplified.
16
At first the amended EEG 2009 requires wind-power plants to utilize techniques for better grid integration and create an incentive to adduce ancillary services by an "ancillary-service-bonus".
22
• Funding seems to be sufficient, but the current system supports primarily the installation of individual plants. Further incentives should be given for implementing the facilities so that they can be operated in a coordinated way, e.g. in virtual power plants, and, thus, can be used to provide grid services in competition to central power plants which is recommended from analysing environmental and electricity network aspects. 
